The purpose of the presented study was to determine the best mineral composition of media and plant growth regulators in the micropropagation of the 'Gisela 5' (Prunus cerasus × P. canescens) dwarf sweet cherry rootstock. Nodal explants from young healthy shoots were excised and cultured on Murashige and Skoog medium without growth regulators. In vitro raised shoot tips were transferred to three culture media including Murashige and Skoog (MS), Driver and Kuniyuki (DKW) and Lloyd and McCown (WPM) containing benzyl adenine (BA) (0.5, 1 or 2 mg·l -1 ) in combination with kinetin (Kin) at 0 or 0.5 mg·l -1 . WPM and DKW media were proving to be the most effective, resulting in a higher percentage of shoot multiplication and shoot number as compared to MS. BA in concentration 2 mg·l -1 resulted in the highest number of microshoots per explant (3.1). For rooting, 0, 0.5, 1 or 2 mg·l -1 indole-3-butyric acid (IBA) on MS, DKW and WPM media were tested. WPM medium containing 2 mg·l -1 IBA was most effective for rooting (93.7%) in comparison to MS (53.1%) and DKW (14.0%).Rooted plantlets were successfully hardened and established in pots.
INTRODUCTION
Nowadays, sweet cherry dwarf rootstocks are used for intensive orchards production (Drkenda et al. 2012 ). Dwarfing and semi-dwarfing rootstocks help gardeners to increase efficiency and fruit quality compared to standard rootstocks. 'Gisela 5' is a dwarfing rootstock for sweet cherry that was developed from the cross between Prunus cerasus 'Schattenmorelle' × P. canescens at the University of Giessen (Long & Kaiser 2010) . 'Gisela 5' is known to reduce vigor by up to 50 percent or more compared to 'Mazzard' seedlings (Long 2003) . Furthermore, this rootstock accelerated growth, flowering and fruiting (Erwin & Ribeiro 1996; Long & Kaiser 2010; Šiško 2011; Zimmermann 1994 ).
The 'Gisela 5' sweet cherry rootstock is propagated with greenwood, soft or hardwood cuttings (Exadaktylou et al. 2009 ), but also micropropagation has been reported (Ružić et al. 2000; Nacheva & Gercheva 2009; Bošnjak et al. 2012; Clapa et al. 2013; Šiško 2011 . An efficiency in tissue culture propagation is strongly influenced by a mineral composition of culture medium and its interaction with other medium compounds, as water quality, sugars, growth regulators, vitamins, etc. (Pierik 1997) . To increase the effectivity of 'Gisela 5' micropropagation we investigated three different media and plant growth regulators on shoot proliferation and rooting of the 'Gisela 5' rootstock. 
MATERIALS AND METHODS
The explants were taken from actively growing shoots of 3-year-old 'Gisela 5' plants (Prunus cerasus × P. canescens) grown in the experimental field of Seed and Plant Improvement Research Institute, Karaj, Iran, in September 2014.
Shoots were cut in 10 to 12 cm length segments, leaves were trimmed off and segments were washed under running water for 2 hours. Then shoots were presterilised by immersion in 70% (v/v) ethanol for 60 seconds followed by a rinse three times with sterile distilled water and were exposed to 2.5% (v/v) sodium hypochlorite to which 2-3 drops of Tween-20 were added for 15 minutes. After that, the explants were washed three times with sterile distilled water. One-bud segments 1.5-2 cm long were placed individually in vessels containing 10 ml of MS medium without plant growth regulators. After four weeks, explants were subcultured to 250 cm 3 jars containing 40-50 ml of fresh medium. After three subcultures at 4-week intervals, the microshoots were used in experiments.
Three media were evaluated: Murashige and Skoog -MS (1962), Driver and Kuniyuki -DKW (1984) and Lloyd and McCown -WPM (1980) . Media contained 0.5, 1 or 2 mg·l -1 benzyladenine (BA) in combination with 0 or 0.5 mg·l -1 kinetin (Kin). All media were supplemented with 3% (w/v) sucrose and 7 g·l -1 agar. The pH of media was adjusted to 5.6-5.8 with 1 N NaOH/HCl prior to autoclaving at 1.05 kg·cm -2 , 121 °C for 20 min. Cultures were maintained at 23±1 °C air temperature in a culture room with a 16/8 h photoperiod under an illumination of 2400 lux provided by cool-white fluorescent light, and with 45% relative humidity. Percent of explants proliferating as well as number (˃ 5 mm) and length of axillary shoots were recorded after 45 days of culture.
Shoots tips (20 to 30 mm long) formed on multiplication medium were transferred to MS, DKW and WPM media supplemented with 0, 0.5, 1 or 2 mg·l -1 indole-3-butyric acid (IBA). After 45 days, rooting percentage, the number and length of the roots per explant were recorded.
Plantlets with properly developed roots were gently taken out from the culture flasks and washed thoroughly under running tap water to remove the remaining agar. They were transferred to lidded vessels containing peat moss, coir and perlite (2 : 2 : 1 v/v) treated with 0.2 g·l -1 Mancozeb fungicide (Aria, Iran) in water. The top of the pots was covered with transparent plastic and grown in a shaded greenhouse at 23 ± 1 °C and sprayed with water once a day to maintain the humidity. Three weeks later, the plastic covers were removed and the plantlets were watered two times a day. Following adaptation the plants were transferred into bigger pots containing the same substrate, and shifted to shade house with less humidity and indirect sunlight.
The experiments were set up as a factorial in a completely randomized design and repeated three times. Each treatment included three replicates (jars), with two explants in each in proliferation phase and four replicates (with four explants in each) in rooting phase. Analysis of variance (ANOVA) and Pearson's correlation coefficient were performed using SPSS.16 software and significant differences (p < 0.05) among the means were determined by Duncan's multiple range test.
RESULTS AND DISCUSSION
In this study, a contamination percentage was 4%. Visibly noncontaminated explants started bud break and shoot growth within 5-7 days.
Forty-five days of incubation of shoot tip explants in MS, DKW and WPM media supplemented with 0.5, 1 or 2 mg·l -1 BA in combination with 0 or 0.5 mg·l -1 Kin resulted in the formation and growth of axillary shoots. The influence of media mineral composition was significant (Table 1) . On DKW and WPM media, maximum shoot multiplication percentage was recorded in comparison to MS (69.4%) ( Table 2) .
Also, on DKW and WPM medium shoot number was significantly higher (2.4 and 3.3 per explant respectively) than on MS medium (1.6 per explant) ( Fig. 1 . 1-3 and Table 2 ). There was no significant interaction between the culture media and plant growth regulators on shoot number (Table 1 ). The highest number of axillary shoots (3.1) was formed on the media containing 2 mg·l -1 BA (Table 3 ).The effect of Kin on shoot number was insignificant (Table 1) . ns and * insignificant and significant at 5% probability level, respectively. (Table 4) . Also, relatively high shoots were grown on the DKW medium + 2 mg·l -1 BA and WPM medium + 2 mg·l -1 BA + 0.5 mg·l -1 Kin, where a mean shoot length of 0.95 and 0.86 cm was recorded, respectively.
The shoot multiplication percentage, the shoot length and the number of shoots per explant were positively correlated (Table 5) . The mineral composition of the medium was reported as an important factor influencing in vitro propagation of 'Gisela 5' rootstock. Ružić et al. (2000) obtained a better growth and development on MS and MS × 2 than on ½ MS and ¼ MS. Šiško (2011) reported that the WPM medium showed the highest multiplication rate (4.2 shoots/explant) in 'Gisela 5' rootstock, whereas the MS medium showed the lowest one (3.0 shoots/explant). Bošnjak et al. (2012) propagated successfully 'Gisela 5' on Quorin and Lepoivre -QL medium (1977) . DKW medium containing 0.5 mg·l -1 BA was used for Gisela slow growth storage (Lambardi et al. 2006 ). Dorić et al. (2014) used this medium to the in vitro propagation of different cherry rootstocks, including 'Gisela 6'. Although MS medium is still most widely used, it is often replaced by media of lower salt concentration, especially those with lower nitrogen content, including the content of ammonium nitrate which is 1650 mg·l -1 in MS medium and 1416 and 400 mg·l -1 in DKW and WPM, respectively. Most plants prefer nitrate to ammonium, and ammonium has been proved to be harmful for explants (Pierik 1997; Mansseri-Lamrioui et al. 2011) , because the excess of nitrate can be stored in vacuoles and high ammonium can be toxic (Glass et al. 2002) . On the other hand, DKW and WPM media have a higher calcium concentration compared to MS medium. Calcium has an important role in cell signaling (Reddy 2001) acting as a secondary messenger together with signal transduction proteins and also it maintains the integrity of the plasmalemma by connecting various proteins and lipids on membrane surfaces (Hirschi 2004) . The integrity of the plasmalemma leads to a greater turgor pressure (higher water content) and nutrient retention in cells (Fenn & Feagley 1999) . Furthermore, Ca may have a direct effect on cell and organ growth. It is involved in cell elongation and cell division, influences cellular pH, and also acts as a regulatory ion in the source-sink translocation of carbohydrates through its effects in cells and cell walls (Hirschi 2004) . Overall, the enhanced growth of 'Gisela 5' in DKW and WPM media can be the result of a better nutritional status as discussed previously. Bošnjak et al. (2012) used Quoirin and Lepoivre ____________________________________________________________________________________________________________________ (QL) nutrient medium instead of MS for the in vitro proliferation of the 'Gisela 5' cherry rootstock. They stated that full-strength MS is too high in ammonium (20.6 mM) and nitrate ions (39.4 mM), while QL is a low ammonium medium (5 mM). In addition, QL uses calcium nitrate as a nitrogen source, therefore, it has a higher calcium concentration.
BA proved to be useful in the shoot multiplication of 'Gisela 5'. In contrast to BA-enriched medium alone, we did not find a significant response in the media containing Kin. This is in agreement with the results of Šiško (2011) who found that shoot number and shoot length of 'Gisela 5' were greatest with 2 mg·l -1 BAP. Augusto (2001) compared the effect of different cytokinins and observed that Kin produced fewer new shoots per explant in relation to BA. Ružić and Vujovic (2008) showed that Kin increased the shoot length of cherry cv. 'Lapins', but according to our results, Kin did not have a positive effect on the in vitro proliferation of 'Gisela 5'.
The best rooting was in WPM medium on which 93.7% of shoots were rooted, compared to 53.1% on MS and 14.0% on DKW (Fig. 1. 4-6 and Table 7 ). In addition, roots were most abundant -13.0 versus 7.6 and 1.8 in MS and DKW, respectively. Roots were also the longest on WPM medium (5.5 cm) while on MS and DKW were 0.9 and 0.6 cm long, respectively. The medium × IBA interaction was insignificant for rooting (Table 6 ). According to the results, the WPM medium with the lower mineral concentration (especially nitrogen) increased the in vitro rooting of 'Gisela 5'. The favorable effect of a diluted mineral solution on rooting can be explained by the reduction of nitrogen concentration (Driver & Suttle 1987) . DimassiTheriou (1995) and Fotopoulos and Sotiropoulos (2005) reported that reducing the concentration of the MS minerals to half the normal value increased rooting percentage and stimulated the root elongation of the GF 677 (peach) and PR 204/84 (peach × almond) rootstocks, respectively. Also, the dry mass of roots of PR 204/84 grown on ½ MS was significantly higher in comparison with MS at all IBA concentrations tested.
The rooting percentage of the shoots was increased in comparison to the control (IBA-free medium) (Table 8) . Sarropoulou et al. (2013) stated that the best results for rooting percentage were obtained with 2 mg·l -1 IBA in 'Gisela 6' and CAB-6P rootstocks. Our study confirmed the above results. Increasing IBA concentration of three media types resulted in an increased root number and length. The number of roots per explant and root length were highest in the medium supplemented with 2 mg·l -1 IBA (Table 8) . Similar results were reported by Dorić et al. (2014) who obtained the maximum number of roots and roots length in 'SV1' selection (P. fruticosa) at the highest IBA concentration.
There is a significant positive correlation between rooting percentage and root number per explant (r = 0.77, p < 0.05) as well as between rooting percentage and root length(r = 0.78, p < 0.05) (Table 9). Also, statistically significant correlations were computed between root number and root length (r = 0.60, p < 0.05). These results suggest that treatments increasing the percentage of rooting also increased rooting quality in terms of number and length of roots.
93% of in vitro rooted shoots was able to acclimatize and grow in the greenhouse (Fig. 2) . 
CONCLUSION
An in vitro protocol was developed to propagate 'Gisela 5' sweet cherry rootstock. DKW or WPM medium including 2 mg·l -1 BA was suitable for effective shoot proliferation and the WPM medium with 2 mg·l -1 IBA was the best medium for rooting. Plantlets were successfully acclimatized and robust plants were achieved.
